Background: Fitness and health variables were measured in 128 sedentary men and women randomly assigned to 6 months of fitness training (F), a walking program (W), or a control (C) group. Methods: The F program gradually increased volume and intensity until 4 d/wk of training, at 70% of peak VO 2 for 43 min/session was prescribed while the W group performed daily walking monitored with pedometers and increased until 10,000 steps×d -1 were prescribed. Total weekly energy expenditure was matched between the activity groups. The control group was asked to maintain their usual activity. Results: Body mass, waist circumference, waist/hip ratio, resting HR were reduced in all groups after 6 months (P < .05). Fasting glucose, glucose tolerance, and total cholesterol were similarly improved in all groups (P < .05). Blood pressure and HR decreased during submaximal exercise in all groups (P < .05) but rating of perceived exertion (RPE) was decreased only in the F group (P < .05). Only the F participants showed a significant increase in ventilatory threshold (VT; ~15%) and peak VO 2 (~9%) after 6 months. Conclusions: Supervised fitness training in previously sedentary adults produced greater improvements in submaximal RPE, BP sys , VT, and peak VO 2 but not other fitness and health-related variables compared with a pedometer-based walking program matched for total energy cost.
Research has shown that fitness-based exercise programs that include specific intensity, duration, and frequency prescriptions promote improvements in a variety of physiological variables. [1] [2] [3] [4] As well, individuals who are considered to be physically fit have a profound reduced risk of all cause mortality [5] [6] [7] [8] [9] and there is some evidence to suggest that individuals who participate in higher intensity activities have a greater reduction in the risk of coronary heart disease. 10 Despite these well recognized benefits, individuals, especially those that are previously sedentary or present with a number of negative health risk factors, may not select a fitness-based exercise program nor adhere to one once they begin for a variety of reasons. 11 To provide individuals with an alternative to fitnessbased exercise programs, pedometer-based walking programs are commonly prescribed in an attempt to facilitate healthy, active lifestyles. [12] [13] [14] [15] One original study that investigated the effects of a pedometer-based walking program found that a mean of 19,200 steps per day combined with diet therapy performed by a sample of Japanese patients with type 2 diabetes reduced body mass and improved insulin sensitivity. 15 This early work was instrumental in promoting the 10,000 steps per day physical activity prescription that has been suggested to meet the minimum recommendation for physical activity. [16] [17] [18] [19] Despite some research that supports walking regularly and completing 10,000 steps a day is enough activity to produce positive changes in lifestyle and certain aspects of fitness and cardiovascular health, 13, 14, 17 other research has shown limited effectiveness of walking programs 12, 20 and the long term durability of any observed changes has recently been questioned. 16 Furthermore, few studies have directly compared the physiological adaptations obtained from a pedometer-based walking program with a fitnessbased training program in previously sedentary adults in a randomized controlled trial, especially when both exercise programs have been equated for total energy expenditure.
Therefore, the purpose of this study was to compare a variety of fitness and health outcomes in response to 2 different physical activity programs completed by sedentary men and women: an aerobic fitness-based exercise program and a pedometer-based walking program that were equated for total amount of weekly energy expended (baseline + prescribed activity). It was hypothesized that the aerobic fitness training program would produce greater improvements in fitness and health-related parameters compared with a pedometer-based walking based program despite each prescription having similar prescribed energy cost.
Methodology Participants and Experimental Design
The volunteers for this study were from an urban city. Each participant was approved for physical activity by completion of a physical activity readiness questionnaire (PAR-Q) and a written informed consent. This study was approved by a University Research Ethics Board. The mean (±SD) age, height, body mass, and body mass index was 49 (11) yrs, 176.8 (7.1) cm, 92.9 (18.9) kg, and 29.6 (5.2) kg×m -2 for men and 50 (9) years, 164.0 (6.8) cm, 81.8 (17.5) kg, and 30.5 (6.2) kg×m -2 for women, respectively. The participants were recruited across 4 different cohorts at different times throughout 2 consecutive calendar years. Individuals from each cohort were randomly assigned to one of 3 different groups: a group that completed an aerobic fitness training program (F), a group that completed a pedometer-based walking program (W), and a control group (C) that completed the same exercise testing as the other groups and carried on with their usual daily activities. The control group was requested to not begin nor change their amount of daily physical activity while participating in the study and was offered an activity program after completion of the study as an incentive to adhere to these guidelines. Before testing and randomization, participants in each group were given a pedometer (Digi-Walker SW-650, Yamax, Japan) with instructions for its use during an orientation session. At this same session a walking test was completed on a 200 m indoor track to determine the number of steps and the time required to complete a 400 m distance using a self selected, preferred walking pace. Each participant completed a 7-day baseline steps per day assessment during their own personal schedules that was recorded in a logbook and collected by a research assistant. For the duration of the 6-month study, all participants in each group (F, W, and C) were asked to record the number of steps taken each day in a log-book that was communicated by phone or e-mail to a research assistant on a weekly basis.
Inclusion criteria for this study were a successful completion of a physical examination by a physician; between the ages of 25 and 65 years; no known cardiorespiratory or other disease (eg, diabetes mellitus); sedentary (no regular physical activity and less than a mean of 5500 baseline steps per day for a 7-day period); ability to walk and participate in a moderate physical activity program; and willingness to be randomly assigned to any of the experimental groups. Participants were excluded if any blood parameter measured during pretesting was at a level considered to be clinically unhealthy, if their preexercise heart rate was at or above 100 b × min -1 , or their resting systolic or diastolic blood pressure was at or above 145 mmHg systolic and 95 mmHg diastolic (Canadian Society for Exercise Physiology, 2003) . Figure 1 indicates the flow of participants in our research study. The reasons given by participants for discontinuing in one of the 3 experimental groups were becoming pregnant (n = 2); wanting more activity than was prescribed in the study (n = 8); too busy (n = 10); not wanting the group they were assigned to (n = 9); no longer interested (n = 6); personal reasons (n = 8); and unknown, including lack of follow-up contact (n = 31). The attrition was 37, 38 and 44% for the control, fitness, and walking groups, respectively (Figure 1 ).
Physiological Assessments
The first testing session began between 0700 and 0900 after a 10 hour overnight fast. Resting heart rate was measured using a heart rate monitor (Polar Electro, Finland) and blood pressure (mmHg) was measured in duplicate on the left arm using an auto-inflation blood pressure monitor (LifeSource, Milpitas, California) after 5 minutes of quietly sitting. Following this, a fasted (10 hours) resting blood sample (~10 ml) was acquired from an antecubital vein. Participants then consumed a glucose solution (75 gm) followed by a second blood sample (~3 ml) taken 2 hours later for the oral glucose tolerance test (OGT). Blood samples were analyzed for complete blood cell counts, glucose, total cholesterol, lipoproteins, and triglycerides by an accredited medical laboratory (Dynacare Kasper Medical Laboratories, Alberta, Canada). All whole blood measurements were performed in duplicate on the day of collection.
During the second testing session, standing height and body mass was measured on a Heath Carter balance beam scale. Waist circumference was measured with an anthropometric tape measure at the midpoint between the lowest rib and the iliac crest and hip circumference was measured at the greatest girth of the gluteus with the participant standing erect. Waist to hip ratio and body mass index (kg×m -2 ) were calculated. At this same session, submaximal heart rate, blood pressure, rating of perceived exertion, ventilatory threshold (VT), and peak oxygen uptake (VO 2 ) were determined during a graded exercise test on a treadmill. Each participant donned a nose clip and was connected to a low-resistance, 2-way valve (Hans Rudolph 2700, Shawnee, Kansas) using a headgear apparatus. All expired air was collected and analyzed with a calibrated TrueMax metabolic measurement system (ParVo Medics Inc, Utah, U.S.A.). A modified Bruce treadmill protocol was chosen due to the sedentary nature of the participants and because it has been shown to provide similar cardio-respiratory responses to the unmodified Bruce protocol. 21 The treadmill protocol began at 0.76 m×s -1 and 0% grade for 3 minutes followed by an increase in grade to 5% for 3 minutes and 10% for another 3 minutes. After 9 minutes, the speed increased to 1.12 m×s -1 and the grade to 12% for 3 minutes. Grade increased 2% every 3 minutes after 12 minutes and speed increased to 1.52, 1.88, 2.24 m×s -1 and a further 0.22 m×s -1 every 3 minutes until volitional exhaustion. HR, BP, rating of perceived exertion (RPE; Borg 6 to 20 scale) and metabolic parameters were measured each stage of the treadmill test with final exercise time and peak exercise variables recorded. Ventilatory threshold was determined using the V-slope method (VCO 2 versus VO 2 ) using the software provided by the metabolic measurement system and was visually confirmed by 2 trained individuals that were blinded to the name of the subject and the time of the test. Postexercise HR and BP were measured after a cool-down and sitting quietly for 5 minutes before dismissal from the laboratory.
Three-day dietary records were completed by all participants for 2 weekdays and 1 weekend day before and after the 6-month intervention to monitor any changes in energy intake and percent of macronutrient composition. All solid and liquid food including water was recorded in a logbook that included written instructions. All participants attended an information session conducted by a dietician to be instructed on recording this type of data. Total energy intake and the proportion of carbohydrate, fat, and protein was analyzed using Food Processor II software program (ESHA, Portland, OR).
Physical Activity Interventions
The physical activity program prescriptions are described in Table 1 . Briefly, the fitness-based training program was progressively overloaded from 3 to 4 days per week, 55 to 70% of peak VO 2 with a mean duration of 20 to 43 minutes per session over the 6-month period. A gradual increase in volume and intensity was applied variably to the duration of each session, frequency, and intensity such that there was an increase in training energy expenditure during each phase of training. All participants in the fitness training group used a treadmill a minimum of twice per week, but stationary stair climbing or cycling was allowed for variety once per week provided it was at the same HR intensity. To maintain the prescribed intensity, the participants in this a Total estimated energy expenditure in each program was estimated using the energy cost associated with the baseline steps in both groups and the energy cost of the training prescription.
group wore a HR monitor and adhered to an individually prescribed training HR range that was set according to the % of the pretraining peak VO 2 determined during the graded exercise test. The fitness group participants also wore pedometers and were asked to maintain the number of steps determined during the initial 7-day walking prescribed daily steps monitor the number of daily steps taken throughout training to ensure that there were no unintentional changes in daily activity. Subjects maintained weekly training logs that were submitted to a research assistant. The pedometer-based walking program was progressively overloaded every 3 weeks for the first 12 weeks followed by an additional 4-and 8-week increase in steps over the final 12 weeks. This resulted in a progressive increase in the number of steps until 10,000 steps per day were prescribed during the last 8 weeks of the 24-week program (see Table 1 ). Participants in the walking group were counseled to attain the target number of daily steps by increasing their walking during the morning, afternoon or evening time periods or during breaks at work. Intentionally, no exercise intensity guidelines were provided nor did this group use heart-rate monitors. These participants reported their daily steps each week to a research assistant by phone or e-mail.
The control group participants were instructed to maintain their usual daily activity patterns, the number of steps they walk in a day and not to start any new physical activity program or change their nutrition habits. To monitor this, these participants were asked to maintain the number of daily steps that was recorded during the 7-day baseline assessment period that was specifically done to determine daily walking before the start of the study. In addition, each control participant was asked to report actual daily steps to a research assistant by phone or e-mail at the end of each week throughout the study. Note that there was no significant change in the number of steps per day in the control group.
Energy Expenditure Determination
The number of steps taken and the time required to complete 400 m was measured for all participants on a 200 m indoor track as previously described. The mean preferred walking velocity was 5.18 ± 0.58 km×hour ) and the mean stride length was 0.74 ± 0.13 m. Oxygen consumption (VO 2 ) was estimated for the mean walking velocity on a level grade using the following published formula: VO 2 (ml×kg -1 ×min -1 ) = (0.1×walking speed, m×min -1 ) + 3.5. 22 Energy expenditure was calculated from the estimated VO 2 of walking assuming an energy cost of 5 kcal per liter of oxygen using the following formula: energy expenditure (kcal×min
)] × 5 (kcal×L -1 ) and converted to kilojoules (kJ). The estimated energy expenditure for each step was calculated and used to determine the estimated energy expenditure for the number of steps completed each week and in each training phase for all groups. However, it is acknowledged that a limitation of this determination is that it may over or under predict the actual energy expenditure with changes in walking velocity that may be experienced throughout a day.
Using a percentage of each participant's actual peak VO 2 measured during graded exercise testing, energy expended for the prescribed training in the fitness training group was calculated. The formula used for this was: energy expenditure (kcal×min
and was converted to kJ. Table 1 describes the prescribed training program and associated energy expenditures. Note that the energy expenditure estimations for the number of baseline steps per day completed was calculated the same way for all groups. To match the total energy expended (baseline daily steps plus prescribed exercise) between the fitness and walking groups, the weekly energy expenditure for the total number of steps (baseline daily steps plus prescribed increase in steps) of the walking group during each phase of training was calculated first. Then the energy expenditure associated with the baseline steps for the fitness training group was calculated and added to the energy expenditure for the weekly training prescription (baseline plus training prescription). To complete the matching, the duration of exercise (minutes/session) at the prescribed intensity for the fitness training group was adjusted so that when this was added to the baseline steps, the total weekly energy expenditure was matched to the walking group (see Table 1 ). In addition, to keep the exercise sessions at a reasonable duration for the fitness training group at the same time as maintaining equivalent energy expenditure to the walking group, some small additions to the baseline steps of the fitness group were made as the program progressed. This amounted to a mean increase of 921 steps spread over the 6-month training program.
Statistical Analyses
All dependent measurements were recorded as means and standard deviations. Our primary outcomes were changes in the aerobic fitness parameters with the remaining dependent variables being considered secondary and more exploratory in nature. A one-way ANOVA was used to compare the total group of participants that completed the study to drop-outs at baseline and all pretest variables for the participants before the start of the study. Separate 3 group (F, W, C) by 2 time (before and after training) analysis of variance (ANOVA) with repeated measures (time) was used to compare the dependent variables. Separate 3-way ANOVA with repeated measures on 2 factors (time and exercise intensity) was used to examine the group by time by 3 submaximal exercise intensities effects. A 1-way ANOVA was used to compare the changes in ventilatory threshold and peak VO 2 over the training program reported in Figure 2 . No corrections were made for multiple comparisons and thus caution is advised in interpreting these statistical outcomes. If a significant F-ratio was observed, a Newman Kuels multiple comparison procedure was used. Alpha was preset for all statistical analyses at P < .05. The statistical software used was Statistica (StatSoft, Tulsa, Ok).
Results
No significant differences between participants that completed the study and those that dropped out at baseline groups were observed for any dependent other than drop-outs were significantly younger (44 ± 12 yrs) and heavier (89.3 ± 20.4 kg). In addition, no significant differences were observed between groups in any dependent measurement before the start of the study.
A reduction in resting HR was observed in all experimental groups after 6 months (P < .05; see Table 2 ). There was no change in resting systolic and diastolic BP for any group. There was a significant reduction in body mass, waist circumference and waist to hip ratio after the 6-month period for all groups (see Table 2 ). There were no significant differences for body mass index or hip circumference between groups. Three day mean total energy intake was reduced for all groups after 6 months (P < .05). There was no significant change in the proportion of macronutrient content for any group after 6 months ( Table 2 ). Note that only 65 of the 128 participants had complete data on their 3-day dietary records before and after the 6-month intervention.
There was a decrease in submaximal BP, HR, and RPE at each of the 3 submaximal intensities for all groups (P < .05). A group by time interaction indicated that the decrease in systolic blood pressure was greatest in the F group (mean decrease of 14 mmHg, data not shown). A group by time by intensity interaction was observed for RPE indicating that RPE was significantly lower (12 ± 2 vs. 11 ± 2) during submaximal exercise after training in the F group only (data not shown). A significant group by time interaction effect was observed for VT and peak VO 2 . VT and peak VO 2 were significantly improved in the F group only (Table 3; Figure 2 ). No changes were observed in RER, peak HR, or peak RPE (data not shown) indicating that a similar effort during the graded exercise test was achieved before and after training.There was a significant reduction in total triglycerides, fasting glucose and 2-hour glucose concentrations after 6 months in all groups (Table 4) . No significant changes in complete blood cell counts or concentrations were detected after 6 months in any group and these variables were all within clinically normal ranges at rest (data not shown).
The average daily steps completed by each group during each 3-week block of the training period are presented in Figure 3 . All 3 groups completed a similar number of steps in weeks 1 to 3 after which the W group completed significantly more steps than the other 2 groups between weeks 4 to 24. The number of daily steps was greater for the F group compared with the C group between weeks 13 to 24 (P < .05) as a result of the adjustment in the prescribed steps for the F group to maintain the same energy expenditure between the exercise groups as described previously in the methods.
The adherence to the physical activity programs was determined for the final 8 weeks of training where the volume of each program was maintained and at its maximum prescription. The W group was prescribed 10,000 steps×d -1 and actually achieved a mean of 9221 ± 1429 steps×d -1 representing a mean completion of ~92% of the prescription. The F group attended ~77% of the exercise sessions, representing a mean of 3.1 out of 4 prescribed sessions per week completed over the final 8 weeks of training. The F group sessions were supervised and heart rate monitored to ensure that the intensity and duration of exercise was adhered to. The total estimated energy expenditures corrected for the number of actual steps completed was 13,622 kJ per week in the W group and Abbreviations: na, not applicable. * Significantly different after training, main effect, P < .05. a Note that the sample size for the energy intake analysis was N = 65 (n = 16, n = 24 and n = 25 for F, W, and C groups, respectively). Values are means ± SD. * = significantly different from previous value and both other groups, P < .05. ** = significantly different from the C group at the corresponding time, P < .05.
13,180 kJ per week for the F group corrected for actual number (weekly frequency) of training sessions attended during the last 8 weeks of training.
Discussion
This investigation compared fitness and health variables among a control group and 2 different 6-month periodized training prescriptions: a pedometer-based walking program that progressively overloaded the number of steps per day and an aerobic fitness training program that progressively overloaded intensity, frequency, and duration of exercise that were of an equivalent energy cost. This latter aspect is an important feature when comparing interventions that differ in exercise prescription. [2] [3] [4] 23 Therefore, the differences between the 2 exercise prescriptions included frequency of exercise training (daily walking versus 4 training sessions a week training), duration (a combination of accumulated blocks of time spread throughout the day versus single exercise sessions), and intensity (self selected, preferred walking intensity versus predetermined % of peak VO 2 ). Other research has suggested that the intensity of exercise is a critical variable in producing physiological changes in fitness 1,2 and health outcomes. 3, 4, 24 Thus, another purpose of this study was to determine if a pedometer-based walking prescription was a sufficient stimulus for improving markers of fitness and health. As hypothesized, the aerobic exercise training program significantly improved indices of fitness (eg, ventilatory threshold and peak oxygen uptake) while the walking program or control condition did not. However, changes in secondary outcomes such as body composition, submaximal exercise responses, blood lipids, and glucose responses were not significantly different between groups after the 6-month program.
Exercise Responses
The effectiveness of a pedometer-based walking programs on improvements in cardio-pulmonary fitness is questionable and may be somewhat dependent on the type of fitness test performed (ie, submaximal versus maximal). To investigate this, we evaluated a variety of different types and intensities of exercise tests including submaximal treadmill walking, ventilatory threshold and peak oxygen consumption in response to walking and fitness training. There was a significant improvement in submaximal heart rate and blood pressure after 6 months in both physical activity groups. However, participants in the aerobic fitness training group had a greater change in systolic blood pressure after training and reported less perceived exertion using Borg's RPE scale at all 3 submaximal exercise intensities after training whereas no change in RPE was observed for the walking program or control group. Meyer et al 2 has previously shown that 12 weeks of low and moderate intensity of equal energy expenditure in untrained middle-aged men and women produced a greater decrease in submaximal heart rate with moderate intensity training in comparison with low intensity training. In contrast, it was interesting to note in the current study that the decrease in submaximal heart rate and blood pressure were similar among all groups after 6 months and there was no greater improvement with the higher intensity, aerobic fitness training program. The finding of a reduced perceived effort after the aerobic fitness training was important especially if this translates into continued participation in regular exercise at a higher intensity that could lead to further long-term health and fitness benefits. However, this latter contention requires further investigation.
As hypothesized, the aerobic fitness training program produced the only improvement in the aerobic fitness markers of ventilatory threshold (~15%) and peak oxygen uptake (~9%) over 6 months. The reason for this was most likely because the exercise prescription completed in this program was performed at higher intensity compared with the walking program. The improvements in cardiorespiratory fitness using a fitness training prescription are supported by others examining healthy or previously sedentary adults 2, 3, 24, 25 and those with a chronic disease such as obesity, 26 type 2 diabetes, 27 breast cancer, 28 or at risk for cardiovascular disease. 1 There is also support for the idea that a prescription for higher training intensity is associated with a greater magnitude of increase in peak oxygen consumption.
1,2,24 However, there is some research supporting modest but significant increases in peak VO 2 with walking programs, 29, 30 while other research suggests that walking-based programs of a moderate intensity and low frequency do not improve maximal oxygen consumption. 24 The current study supports this latter research as no significant change in either VT or peak VO 2 was observed over 6 months of prescribed physical activity.
Health-Related Variables
There is also some debate in the literature regarding how much volume and intensity of physical activity is enough to promote significant changes in certain health-related parameters in previously sedentary individuals. In the current study, a number of health-related variables such as body composition, resting cardiovascular measurements, lipid profile and glucose tolerance were investigated to determine the effectiveness of the 2 different physical activity interventions. Body mass, waist circumference and waist to hip ratio showed similar changes in all groups over the 6-month period but the data suggest that the greatest reductions occurred in the 2 activity groups. There was no observed change in hip circumference or BMI. As well, there was a significant decrease in the total or macro-nutrient energy intake; thus the observed changes in body composition were likely due to a combination of an increase in energy expenditure for the 2 physical activity interventions and a decrease in energy intake. Body composition changes have been observed with walking or low intensity exercise programs when combined with dietary restriction in overweight individuals 26 or without dietary control in initially sedentary, 31, 32 overweight, 33 and individuals with type 2 diabetes. 15, 29 But not all walking-based exercise programs 13, 20 or longer term fitness training programs 25 have shown changes in body composition. Certainly, other research has shown fitness-training programs are effective in improving body composition profiles in previously sedentary individuals 3, 4 and clinical populations, 26, 27, 34 and these benefits may be greater when a higher intensity exercise is prescribed. 3 However, the current study only showed modest improvements in body composition after 6 months of prescribed fitness or walking physical activity programs in previously inactive men and women.
Resting heart rate decreased after 6 months in all groups but BP remained unchanged at rest. This lack of change in resting BP is not unprecedented in the literature after physical activity programs. 20, 29, 35 It could also be due, in part, to the relatively normal resting BP of the participants in the current study before the physical activity programs began. Other research has shown a reduction in previously sedentary, overweight, or hypertensive participants presenting with elevated BP using both walking and fitness training programs. 4, 13, 26, 30, 34, 36 Thus, both walking and fitness training programs have shown beneficial effects on resting HR and BP in some studies but not all and are likely influenced by the characteristics of the subject population, pre-exercise levels, and exercise training prescription.
The pretraining blood lipid profile, fasting glucose, and glucose tolerance values were within normal ranges for the participants in the current study. Of these variables, fasting blood glucose, glucose tolerance, and triglyceride concentration were significantly lower after 6 months in all groups. Blood lipid profile changes in response to exercise training are somewhat dependent on type of training, 34 intensity of training, 3, 24 and amount of activity. 37 Length of training sessions (duration) have been shown to influence HDL-C levels. 24, 25 Research has shown increases in HDL-C with aerobic endurance training 4, 34 and Duncan et al 24 found that higher intensity combined with frequent exercise was superior to lower intensity and low frequency exercise training for improving HDL-C and the ratio of total cholesterol to HDL-C in previously sedentary men and women. Walking 10,000 steps per day after 6 weeks has produced significant increases in HDL-C in type 2 diabetic patients 12 and when a walking exercise program was combined with dietary control, a reduction in LDL-C but not total cholesterol or triacylglycerol was observed in previously overweight women. 35 Similarly, when exercise was combined with a diet intervention in obese women, HDL-C improved and LDL-C, cholesterol, and triglyceride levels decreased. 26 However, other research has shown that normotensive middle-aged males that walked 10,000 steps per day for 12 weeks, 30 30 minutes of brisk walking 5 days a week in men and women 13 or either 20 minutes of single bout or accumulated bouts of walking 3 days a week for 12 weeks 20 had no significant effect on blood lipid profiles. Fasting blood glucose concentration and glucose tolerance were significantly lower after the 6-month program in all groups of the current study. Swain and Franklin 4 reviewed 5 studies that all showed improvement in glucose control or insulin sensitivity with exercise training. Interestingly, 3 of these studies found vigorous intensity of exercise training to be superior to moderate intensity in promoting favorable glucose control. 4 Other research has shown no change in fasting glucose or insulin levels after fitness training in middle-aged, android-obese males 34 or a mix-gender of type 2 patients with diabetes. 27 However, some walking based programs with type 2 patients with diabetes have been effective in improving glucose control 15 but not all. 12 In the current study it was hypothesized that the aerobic fitness training program may show greater improvements in blood lipid profile and glucose tolerance in comparison with the walking program but our data do not support this. It was possible that a higher intensity, longer program length or better adherence to the frequency of training were required to elicit any changes in these variables for our participants.
Limitations
The lack of differences between groups for some dependent variables as well as changes observed with control group after training warrant further discussion. The changes observed in the control group, who were instructed to maintain their activity level, were not expected. One possible explanation for the improvements observed in this group might be that, upon entering the research study, they were as 'motivated' to change their lifestyles irrespective of being randomly assigned to a nonexercise control group as compared the other 2 exercise groups. Therefore, they may have attempted to improve other aspects of their lifestyles during the study period. It is widely believed that using pedometers, at least initially, increases "motivation" 38 for physical activity, and thus increases actual physical activity performance. In this study, this effect was most likely to have occurred during the pre-randomization 7-day baseline assessment of walking behavior for all participants. That is, for all participants, it is possible that the walking behavior during the 7-day baseline period was not representative of their typical walking behavior, but was inflated due to the influence of the pedometer as well as to the prospect of being excluded from the exercise study. Participants did not know that steps were used as an inclusion criteria, specifically that acquiring too many steps would exclude them from the study, so we assumed they were "on their best walking behavior" during this assessment time. Because the subsequent prescription for the control participants was to maintain the average steps-per-day recorded during this baseline assessment, it is possible that the regular performance of an inflated step-count over the 6-month period accounted for some of the positive health changes observed in that group. The relatively stable average daily steps in the control group also showed good adherence to their prescription over the entire 6 months, which, as acknowledged above, may have been based on an inflated baseline estimate from the beginning of the study. The maintenance of this level of stepping in addition to any self-imposed dietary controls, as evidenced by the reduction of total energy intake for all groups including the control group, may have contributed to the positive changes observed in this group. Future researchers might want to extend the baseline assessment period to ensure that any step prescription is representative of "typical" behavior for the participants being studied.
The completion of accurate diet records for the 3-day period before and after the 6-month period was poorly done by the subjects despite providing verbal and written instructions and support on how to do this type of record keeping. As a result, the sample size for complete 3-day diet record data within each group was lower than for the other data presented in this study and is a limitation of our study. It is also important to note that the participants in the fitness training group found it very difficult to maintain a frequency of 4 days a week during the last 8 weeks of their program despite all attempts to encourage better adherence. Had this group been able to complete the prescribed frequency, it is possible that further differences between groups may have been observed. Finally, we experienced a high attrition rate based on an expectation of ~30% in similar studies (3, 20) . It is important to note that the attrition rates were similar across groups and that there were no significant differences between a comparison of drop-outs to those that completed the 6 month program. However, caution should be considered a limitation to the current study.
Summary
In conclusion, the current study revealed that a 6-month exercise prescription that progressed until 9221 ± 1429 steps×d -1 were completed was not as effective as an aerobic fitness training prescription for improving ventilatory threshold and peak VO 2 despite a similar prescribed energy cost associated with both exercise interventions. There were significant improvements in a variety of body composition variables, resting and submaximal cardio-pulmonary measurements, blood lipids, and glucose responses in all groups, but neither physical activity prescription was more effective than the control group for some of these variables. The reasons for these latter findings are unclear. The walking group was able to adhere to ~92% of their prescription based on steps per day and the aerobic fitness training group adhered to 77% of their sessions. Interestingly, despite the lower adherence, the aerobic fitness training was still able to elicit greater improvements in perceived effort and systolic BP during submaximal exercise, ventilatory threshold and peak VO 2 .
